luxS and rpoS genes were involved in the regulation of some biological processes, which interfere with virulence of Serratia marcescens and Enterobacter cloacae bacterial species sequentially. luxS have an important activity in Quorum Sensing (QS) processes, but rpoS interfere with tolerance and resistance processes toward stress conditions correlating with its virulence. The study aimed to detect rpoS presence in E. cloacae and luxS gene presence in S. marcescens separately isolated from 16 leukaemia patients (4 of S. marcescens and 12 of E. cloacae), who characterised with bacteraemia by using primers designed for this purpose by using PCR technique. The results showed that all of the bacterial isolates of S. marcescens contain luxS gene, while no one of E. cloacae isolates show positive results for rpoS gene. The study concluded that S. marcescens has high virulence as a result of luxS presence, which controls Quorum sensing and prodigiosin formation and affecting host immunity. Moreover, the negative results of rpoS gene can be explained according to two possibilities: the gene can be found in the isolates with a copy differ from the registered sequences of the rpoS gene, or the gene did not present in those isolates with presence of alternatives offset its activities.
1.Introduction
luxS gene correlates with Quorum sensing (QS) in many bacterial species [1] . The product of this gene expression is S-ribosylhomocysteine lyase (LuxS) enzyme, which is responsible for the production of Autoinducer -2 (Al-2) that involved in QS in many bacteria [2] . Previous studies indicated the importance of this gene in the regulation of QS pathway in S. marcescens, which expressed as a result to response for bacterial density [3] . So that it's involved in Al-2 dependent Quorum sensing [4] , which include Pfs and LuxS enzymes that are responsible for the biological manufacturing of signal molecules, contribute to the virulence induction of human opportunistic pathogen Serratia [5] . LuxS enzyme plays a regulatory role in the metabolic activities of Serratia by regulation of production of some primary metabolites in addition to prodigiosin (one of the secondary metabolites) [6] , which regulate by luxS gene in some S. marcescens strains. Moreover, any mutation in luxS leads to reduce its virulence factors like prodigiosin and haemolysin production [3, 7] . According to previous studies and what concluded by coulthurst et al [2] study, luxS interferes with prodigiosin production and regulate antibiotic production in Serratia spp. with a significant difference in its virulence factors. Many of cellular pathways developed in bacteria in order to tolerate severe stress conditions and one of those pathways was rpoS gene responsible for RNA polymerase sigma S (sigma 38) factor which interfere with virulence of many pathogens, particularly in stationary phase [8] [9] [10] [11] [12] . In E. cloacae, this gene considered one of regulatory genes through response to starvation, as well as its considered to be one of virulence factors such as regulation of hydrogen peroxide catalase II (HPII), which give it the ability to resist H 2 O 2 , In addition to regulation of toxins secretion from Serratia strains [10] . Since rpoS involved in the controlling of some virulence genes in pathogenic bacteria to enable those bacteria to resist stressed environments supplied by the host [13] , which lead to the controlling of number of genes involved in cellular viability maintenance in stationary phase like oxidative stress, hyper-osmolality, starvation and reduced PH [13] [14] [15] . In addition to that, the incidence of some changes in gene regions can lead to the formation of more virulent strains [11] . The study aimed to detect the presence of luxS gene in Serratia marcescens and rpoS gene in Enterobacter cloacae investigate its importance as virulence factors in the studied isolates.
2.Materıals And Methods

Bacterial Isolates
The study performed on 4 bacterial isolates of S. marcescens and 12 bacterial isolates of E. cloacae from 33 bacterial isolates, which isolated from 60 blood samples of leukaemia patient from National Center of Haematology Researches and Therapy and from Baghdad Teaching Hospital from April to October (2016), who were suffered from some clinical signs and diagnosed with bacteraemia. The bacterial isolates characterised with Api-20E.
Polymerase chain reaction (PCR) of luxS and rpoS
DNA Extraction
Genomic DNA was extracted from the bacterial isolates using DNA extraction kit. (Promega, USA) and DNA purity was measured by NanoDrop device (Thermo scientific, USA), then the extracted DNA were subjected to electrophoresis to ensure its purity and integrity.
Primers
Specific primers were used for detection of rpoS and luxS genes, which designed with primer 3 program (as indicated in Table (1)) and supplied by Alpha DNA as lyophilized powder then dissolved with a specific volume of sterilized distilled water according t -C. 
PCR Reaction mixture
The PCR mixture purchased from BioNEER composed of Buffer solution, dNTPs and Taq DNA polymerase, which mixed like what described in Table ( 2). While the program used for PCR reaction of luxS and rpoS genes described in Table ( 3). 
Gel electrophoresis
Electrophoresis device was supplied with 1xTBE-buffer (Promega, USA) and Agarose gel plate prepared with 1% concentration of Agarose (BIOBASIC, Canada) with using of safe DNA loading dye (BIOland, USA) then 5 µl of PCR product of luxS or rpoS and (100 bp) DNA ladder (BioNEER, Korea) was added to gel wells carefully before supplying of 50 volts of voltage for 5 minutes then 100 volts for 40 minutes. After that the gel plate was checked for the presence of bands using Desktop gel imager UV-transilluminator (SCOPE-21, Japan) under 312 nm UV light, then the molecular size of each band was detected according to the distances in comparison with DNA ladder.
DNA extraction and purity results
The concentrations and purity of the isolated genomic DNA which extracted from S. marsescens and E. cloacae bacterial isolates were described in Table (4). The extracted DNA was undergone electrophoresis to ensure DNA purity and integrity, and the results shown in Fig.(2, 3) . 
2.3.Detection of luxS gene in Serratia marcescens:
The results of luxS gene detection in S. marcescens showed that all of the isolated bacteria from leukaemic patients (4 isolates) who suffering from bacteraemia contain luxS gene as presented in Fig.(4) . 
Detection of rpoS gene Enterobacter cloacae
The results that obtained from PCR reaction for detection of rpoS genes in E. cloacae, which are displayed in Fig.(5) elucidated that no one of E. cloacae isolates shows positive result to rpoS gene
Discussion
The study aimed to detect the presence of luxS gene in S. marcescens isolated from leukaemia patients' blood samples and the study indicated that all of the isolates show positive results for the presence of this gene. This agrees with Coulthurst et al [2] study, which indicted that all of S. marcescens 274 and S. marcescens 39006 strains contain this gene, which gives it the ability to produce Al-2 activity. Instead of the differences in the downstream region of this gene between S. marcescens strains, which caused by unknown reasons that lead to differences in gene regulatory control on different characteristics depending on the strains such as variations in prodigiosin production control between S. marcescens 274 and 39006. Moreover, luxS gene mutations in S. marcescens 274 only can lead to significant differences in its virulence [2] . Its role in virulence proved by many studies; since Sun et al [6] indicated that Al-2 production (one of QS inducers) was controlled by luxS gene transcription level in S. marcescens. and Coulthurst et al prove that S. marcescens 274 and 39006 strains produce significant amounts of Al-2 activity during activation of a chromosomal copy of the gene in both strains that prove the responsibility of the gene on Al-2 production in both strains. Nevertheless, it's decreased when bacteria enter into the stationary phase in S.marcescens. [2, 6] In addition, another previous study revealed that the gene has an importance in Quorum Sensing regulation which plays an important regulatory role in the metabolic activities of S.marcescens by regulation of production of some primary metabolites as well as prodigiosin (from secondary metabolites), [6] this pigment regulated by QS and luxS in some strains of Serratia and considered to be an antibiotic and play an important role in virulence and its production controlled by complex process and depend on environmental processes, Since QS mechanism enable the bacteria to regulate gene expression as a response to bacterial density so that any mutation can lead to reduce prodigiosin and haemolysin production as well as virulence [2, 3, 7] In spite of inability of our study to detect strain type of the isolates according to the obtained results, indeed; the strains colours were red or reddish pink, which demonstrates prodigiosin production like what appears since S. maecescens 274 and 39006 strains produce prodigiosin and all of these strains contain luxS gene, which improves the results obtained by PCR detection of the gene, but Coulthurst et al [2] prove luxS rule in the regulation of prodigiosin production in 274 strain but not in 39006 strain.
rpoS was an important factor in controlling of cells and assisting in bacterial persistence under stress condition and contribute to the virulence by many effects, Our study accomplished in the presence of rpoS gene E. cloacae isolated from blood specimens from leukaemia patients. PCR results obtained by specific primers for rpoS, elucidated that no one of E. cloacae isolates appeared positive results. This result agree somewhat with Hussain and Alammar [8] study, which elucidated high possibility for the negative result of rpoS gene in E. cloacae because 31% only of Enterobacter isolates have rpoS gene (21 positive isolates from 75 isolates) which include 28% from E. cloacae and 56% of E. sakazakii. That study represented little probability for positive results and it accomplished in the same zone of our study, in addition to the differences in the gene appearance probability according to the differences in the studied numbers of isolates. Since that study included high significant number (84 isolates) in comparison to our study isolates' number (12 isolates), but no isolate of our study show positive result. Martinez-Garcia demonstrated that bacterial DNA, which fails to correlate with its specific primer of the gene in PCR reaction g v , b ' the absence of the gene also the isolates which show a negative result appeared to have less consensual sequences with E. coli rpoS sequence as this gene considered to be widespread and conserve in Enterobacteriaceae so that the isolate which lacks the gene show less persistence under thermal and osmolality conditions. [10, 12] Moreover, When Martinez-Garcia et al [10] create E. coli rpoS probe to detect the presence of the gene in Enterobacteriaceae including E. cloacae, he found that rpoS gene in E. cloacae similar to the gene in E. coli, since he studied the presence of the gene in E. cloacae CET 863 strain and he found that the identity percent was 80% between E. coli rpoS and E. cloacae rpoS. While some Enterobacterceae members show negative results in both PCR and southern analysis in both Proteus Vulgaris and Providencia Stuartii. According to the absence of studies, which explain the reason for this negative result in addition to the inability to explain this reason, according to the results obtained from the study so that we can establish some hypotheses which must be studied later to explain this result. The hypotheses include the absence of the gene in the studied isolates strains according to inability to detect the strain from study results, in addition to presence of many strains follow E. cloacae, since the studied strains by Martinez-Garcia et al [10] and NavarroLiorens et al [16] show positive results for rpoS gene involving CETC 960 (free mutation wild-type strain), ATCC 13047 strain and RC10-RC1 strains. So that it can be subrogated by other factors to perform its functions in resistance to some stress conditions, for example: some E. coli strains which lack rpoS gene can adapt to stress conditions which include hyper osmolality by addition of mobile factor IS10 to ost-BA operon promoter [17] , or the negative results can be resulted from differences in gene sequence in the studied isolates from the registered sequences which lead to inability to detect the gene, as well as can be resulted from the absence of the plasmid containing the gene since it's portable on pBEcl plasmid [10] or the mutations which can happened in the downstream region of the gene that effect on the ability of the primer to link to its complement sequence, for example, when Martinez-Garcia et al [10] induce addition mutation in rpoS gene in E. cloacae, which lead to replace of rpoS wild-type gene with not working allele and the resulted strain named with E. cloacae E1. Few studies obtained on E. cloacae ability to produce virulence-related characteristics [8] . As it's considered to be an opportunistic pathogen responsible for Bacteremia [10] and it can enter in extraintestinal infections, because of the presence of virulence-related features like adhesion ability and invasion on Eukaryotic cells. While it has the ability to chelate the iron outside gastrointestinal tract so that it can live and spread inside the host and resist the environmental stresses like the effect accomplished by rpos [8] .
